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Abstract 
This paper investigates an automatic moving stage with parallelogram linkage mechanism in optical microscope. The 
formula of the moving stage position related to driving motor rotational angular is presented, a regular available 
region of the moving stage is obtained, effects of system parameters on the available region size and positioning 
accuracy are studied, and a design method for this automatic moving stage with bar mechanism is indicated. This 
paper presents a research foundation for the high-accuracy and low-cost auto-control of the moving stage in optical 
microscope.  
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1.Introduction 
With the rapid development of automatization process in scientific research and production, it becomes 
urgent to realize the automatic control in the moving stage of optical microscope under the conditions of 
high precision and low cost. Gan and Liu [1] and Dai et al. [2] presented methods to realize the automatic 
vision scope searching of the moving stage in optical microscope. Wang et al. [3] introduced a new method 
to control micromanipulation system by using a linear stepping motor in the subdivision mode. Guo et al. 
[4] and Zhang et al. [5] investigated an automatic control system to realize either automatic control by 
computer or manual control by joystick for the moving stage. Dolleiser et al. [6] described a automatic 
optical microscope for on-line analysis of micro-objects, its stage controller is connected to a Pentium II 
based PC computer via the serial port and also can be controlled manually by a joystick. New methods of 
image analysis and three- dimensional pattern recognition were developed for the automatic scan of 
nuclear emulsion pellicles in Rosa et al. [7], where an optical microscope, with a motorized stage, was 
equipped with a CCD camera and an image digitizer, and interfaced to a personal computer. Boissenin et al. 
[8] introduced a technique for integrating machine vision into the field of micro- technology including two 
methods, one for tracking and one for depth reconstruction under an optical microscope. Mukhopadhyay et 
al. [9] designed a micro- electro- mechanical system moving stage for optical microscope based on a 
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parallel- kinematic mechanism scheme drove by three sets of electrostatic linear comb drives. Sun et al. [10] 
and Saggau [11] reviewed the research significance and actuality of the micro-vision system, and indicated 
that the automatic control and positioning error of the moving stage are the crucial technology in this 
system. However, the works [1-11] on the automatic control of microscope all employed the linear 
stepping motor, precise ball-screws or comb drive to drive the moving stage for shifting and positioning. 
These three driving methods always accompany high-cost which restricts their practical applications 
seriously. Hatiboglu and Akin [12] presented a high-precise moving stage in optical microscope using a 
cut-price bar mechanism, but there was not system kinematic investigation and design method of the bar 
mechanism.  
In this paper, an applicable cut-price bar mechanism for the moving stage in optical microscope was 
investigated and designed, conversion model between the rotational angular of stepping motor and the 
position of moving stage in optical microscope was presented, available region of the moving stage was 
obtained, effects system parameters on the size of the available region and positioning error of the bar 
mechanism were investigated, and a design method was presented for the cut-price bar mechanism for the 
moving stage in optical microscope.  
2.Kinematic Model 
 
Figure 1. Diagram of the moving stage with bar mechanism. 
A moving stage with bar mechanism in optical microscope can be modeled as Fig. 1. The moving stage 
and the bar mechanism is connected by hinge points B2-A2-A’2. Two driving stepping motors are fixed on 
points O1(0,0) and O2(C,D) respectively, and they can drive cranks A3-O1-A1 and O2-B1 rotating to a given 
angular Į and ȕ independently. Point O’1 is a free hinge. Lengths of linkage A1-A2 and A’1-A’2 are all W1, 
and length of linkage B1-B2 is W2. Lengths of crank O1-A1 and O’1-A’1 are all R1, and length of crank O2-B1 
is R2. Line A2-A’2 is perpendicular to line B2-P, and the distances from point P(x,y) to hinge point A2 and B2 
are H and G separately. A parallelogram linkage mechanism is constructed by A3-O1-A1-A2 and A’3-O’1-
A’1-A’2 through linkages A3-A’3 and A2-A’2. Furthermore, the moving stage has two degree of freedoms, 
and it can be drove by the stepping motors at points O1 and O2 to move translationally along x- and y- 
directions without any rotation.  
As shown in Fig. 1, the coordinate of hinge point A1 is (R1cos(Į), R1sin(Į)), A2 is (x, y+H), B1 is 
(C+R2cos(ȕ), D+R2sin(ȕ)), B2 is (x+G, y). System kinetic model can be build by the distance formula of 
A1-A2 and B1-B2 and written as  
[R1cos(Į)-x]2+[R1sin(Į)-(y+H)]2=W12             (1) 
{[C+R2cos(ȕ)]-(x+G)}2+{[D+R2sin(ȕ)]-y}2=W22    (2) 
From Eqs. (1) and (2), the rotational angular Į and ȕ of the steeping motor for a given point P(x,y) can be 
obtained as  
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Į=sin-1([x2+(y+H)2+R12-W12]/2/R1/ 
[x2+(y+H)2]1/2)-atan2(x,y+H)                  (3) 
ȕ=sin-1([(x+G-C)2+(y-D)2+R22-W22]/2/R2/ 
[(x+G-C)2+(y-D)2]1/2)-atan2(x+G-C,y-D)  (4) 
where atan2(X,Y) is the function to determine phase angular of point (X,Y) in a planar coordinate system.  
3.Available Region 
The moving stage can move only in a specified region due to inherent limitation of the bar mechanism. 
It is meaningful to theoretically determine the specified region, called as available region in this paper. 
From the definition domain of anti-trigonometric function in Eqs (3) and (4), one has  
2R1[x2+(y+H)2]1/2[x2+(y+H)2]+R12-W12          (5) 
2R2[(x+G-C)2+(y-D)2]1/2[(x+G-C)2+(y-D)2]+R22-W22 (6) 
Eqs. (5) and (6) can be rearranged as  
(W1-R1)2x2+(y+H)2(W1+R1)2                (7) 
(W2-R2)2(x+G-C)2+(y-D)2(W2+R2)2           (8) 
As indicated by Eqs. (7) and (8), the available region of the moving stage is constructed by the 
intersection region of two annuluses, one annulus is centered at (0,-H) and formed by inner and outer 
radius W1±R1, another one is centered at (C-G,D) and formed by inner and outer radius (W2±R2).  
 
Figure 2. Construction of the available region.  
In order to improve interchangeability and reduce cost, linkages A1-A2, A’1-A’2 and B1-B2 can be 
selected with a same length W=W1=W2, and cranks O1-A1, O’1-A’1 and O2-B1 can be selected with a same 
length R=R1=R2. The available region under these selections is illustrated in Fig. 2. In Fig. 2, the upper 
intersection region of the two annulus is extraneous root, and the lower intersection region in black is very 
the available region of the moving stage. The shape of available region varies with the distance S=[(C-
G)2+(D+H)2]1/2 between the two annulus centers, too large and too small distance S always cause a narrow 
available region, as shown in Fig.2 (a) and (c). Commonly, the available region in a regular shape is much 
practical [12]. When center lines of the two annulus, i.e. two circles with center (0,-H) and (C-G,D) 
respectively and a same radius W, are perpendicular with each other at their intersections, on has S=21/2W, 
i.e. C=[2W2-(D+H)2]1/2+G, a relative regular available region similar to a square with side length K (about 
2R) can be obtained, as presented in Fig. 2(b). Area of this regular available region can be expressed as 
A=K2=4R2 roughly, thus the crank length R determine the size of the available region of moving stage. 
Furthermore, the above regular available region is obtained just under the condition of the center distance: 
2Wí2R>S>2R, which can be reduced as R/W<1í21/2/2§0.2929.  
4.Positioning Errors 
Subtracting Eq. (1) from Eq. (2) yields  
y=Kx+B                                     (9) 
where B={(C-G)2+D2-H2+2R[Hsin(Į)+(C-G)cos(ȕ)+ Dsin(ȕ)]}/{2[D+H-Rsin(Į)+Rsin(ȕ)]}, K=-[C-G-
Rcos(Į) +Rcos(ȕ)]/[D+H-Rsin(Į)+Rsin(ȕ)].  
Substituting Eq. (9) into Eq. (1) and eliminating extraneous root y>0 yields  
x={b+[b2-(K2+1)c]1/2}/(K2+1)                  (10) 
(a) (b) (c)
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where b=Rcos(Į)+K[Rsin(Į)-(B+H)], c=(B+H)2+R2-W2- 2R(B+H)sin(Į).  
Let x0=x(Į0,ȕ0) and y0=y(Į0,ȕ0), expending x(Į,ȕ) and y(Į,ȕ) by Taylor series around a motor angular 
(Į0,ȕ0) yields  
x§x0+ǻ1Ωx(Į0,ȕ0)/ΩĮ+ǻ2Ωx(Į0,ȕ0)/Ωȕ+O(ǻ12,ǻ22)    (11) 
y§y0+ǻ1Ωy(Į0,ȕ0)/ΩĮ+ǻ2Ωy(Į0,ȕ0)/Ωȕ+O(ǻ12,ǻ22)    (12) 
where Ωx/ΩĮ, Ωx/Ωȕ, Ωy/ΩĮ and Ωy/Ωȕ indicate the gradients of point P location (x,y) when the steeping 
motor angular (Į,ȕ) are disturbed in small error ǻ1 and ǻ2, and they can be determined by the partial 
differential forms of Eqs. (1) and (2).  
In the view of composite displacement, the positioning error ratios can be defined as  
ΩP/ΩĮ=[(Ωx/ΩĮ)2+(Ωy/ΩĮ)2]1/2                 (13) 
ΩP/Ωȕ=[(Ωx/Ωȕ)2+(Ωy/Ωȕ)2]1/2                 (14) 
where ΩP/ΩĮ and ΩP/Ωȕ present positioning error ratios induced by the disturbances of motor angular (Į,ȕ). 
The smaller ΩP/ΩĮ and ΩP/Ωȕ are, the less sensitively the positioning error is induced by the motor angular 
disturbances.  
Fig. 3(a) and (b) present the motor angular (Į,ȕ) corresponding to point P location (x,y) in the available 
region, and Fig. 3(c-h) present the gradients (Ωx/ΩĮ, Ωx/Ωȕ, Ωy/ΩĮ, Ωy/Ωȕ) and positioning error ratios (ΩP/ΩĮ, 
ΩP/Ωȕ) of P location (x,y). In practical application of the moving stage, a given location (x,y) of the moving 
stage in the available region can be attained by driving the steeping motors to arrive at the rotational 
angular (Į,ȕ) calculated by Eqs. (3) and (4), then the accuracy positioning of the moving stage in optical 
microscope can be realized with the cut-price bar mechanism. Effects of motor angular Į and ȕ on x 
coordinate of point P are contrary to each other, that is to say x increases as Į increasing but ȕ decreasing. 
However, y coordinate of point P decreases as Į and ȕ increasing. The amount values of gradients Ωx/ΩĮ 
and Ωy/Ωȕ are about two times larger than the gradients Ωx/Ωȕ and Ωy/ΩĮ, as indicated in Fig. 3(c-f). Thus the 
motor angular Į affects x coordinate of point P dominantly and affects y coordinate secondarily, whereas ȕ 
affects y coordinate dominantly and affects x coordinate secondarily. Therefore, the gradients Ωx/ΩĮ and 
Ωy/Ωȕ are the dominating components of positioning error ratios ΩP/ΩĮ and ΩP/Ωȕ respectively, as shown in 
Fig. 3(g) and (h). However, the interaction gradients Ωx/Ωȕ and Ωy/ΩĮ cannot be neglected in accuracy 
positioning of the moving stage in optical microscope. As illustrated in Fig. 3, the positioning error ratios 
ΩP/ΩĮ and ΩP/Ωȕ arrive their maximum values around the center of the available region. Since the moving 
stage often work around the center neighborhood of the available region, too large corresponding ΩP/ΩĮ 
and ΩP/Ωȕ is harmful for the accuracy positioning. Therefore, it is meaningful to investigate positioning 
error ratios ΩP/ΩĮ and ΩP/Ωȕ at the center of the available region. 
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Figure 3. Motor rotating angular and positioning error ratios for each position on the available region.  
As shown in Fig. 4, at the center of the available region, i.e. the crossing point I(x0,y0) of the center 
lines of the two annulus, one has  
x0=(D+C-G+H)/2, y0=(D-C+G-H)/2           (15) 
Į=sin-1(R/2/W)-atan2(x0,y0+H), ȕ=Į+3ʌ/2        (16) 
Ωx/ΩĮ=-Ωy/Ωȕ, Ωx/Ωȕ=Ωy/ΩĮ                   (17) 
 
Figure 4. Shape characteristic of the available region. 
From Eqs. (15-17), the positioning error ratios ΩP/ΩĮ and ΩP/Ωȕ at the center of the available region can be 
written as  
ΩP/ΩĮ=ΩP/Ωȕ={R[Ωx/Ωȕcos(Į)-Ωx/ΩĮsin(Į)]}1/2 
=[xΩx/Ωȕ-(y+H)Ωx/ΩĮ]1/2=R[1-(R/W/2)2]1/2   (18) 
Since the boundary lines of the available region are parts of circles, as shown in Fig. 4, circle 
curvatures should cause a sharp angle ĳ and a sunken depth h of the available region inevitably,  
ĳ=2cos-1(W/[21/2(W-R)])                        (19) 
h=(W-R)(1-T1/2)                              (20) 
where T=1/2+[(8R3W-4W3R+W4-4R4)1/2-W(2R-W)]/[4(W- R)2].  
 
Figure 5. Effects of length of crank and link on performance of the moving stage. (a) K (mm); (b) ΩP/ΩĮ (ȝm/deg); (c) ĳ (deg); (d) 
h (mm).  
Fig. 5 presents effects of crank length R and linkage length W on the performance parameters of the 
moving stage, such as the positioning error ratio ΩP/ΩĮ at the center of the available region, the side length 
K, sharp angle ĳ and sunken depth h of the available region. Since the term (R/W/2)2 is much smaller than 
1 in Eq. (18), the positioning error ratio ΩP/ΩĮ is determined by crank length R dominantly. Furthermore, 
the crank length R is proportional to the side length K of the available region. The available region 
becomes regular and practical when crank length R shortens, linkage length W lengthens, the sharp angle ĳ 
approaches to 90 degree and a sunken depth h decreases.  
Therefore, the design method of moving stage with bar mechanism in optical microscope can be 
concluded as: (1) Select crank length R based on the prescribed positioning error; (2) Determine linkage 
length W with shape request of the available region; (3) Design the hinge point location H and G by 
considering the size of moving stage; (4) Calculate the relative position between the two driving motors by 
the center distance condition S=21/2W.  
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5.Conclusions 
(1) The available region of moving stage with bar mechanism in optical microscope is constructed by the 
intersection region of two annuluses. Around the center neighborhood of the available region, effects 
of the rotational angular disturbance of driving motor on the positioning error of moving stage arrive 
at maximum.  
(2) A regular available region similar to square can be obtained by matching the relative position between 
the two driving motors, and the crank length determines the size of the available region. The available 
region becomes irregular as the crank length increasing, and this shortage can be remedied by 
increasing the linkage length.  
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